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RECORDING HEAD WITH OPPOSITELY
DIRECTED MICROSTRIP WAVEGUIDE
CONDUCTORS TO INDUCE A MAGNETIC
WRITE FIELD FOR LONGITUDINAL OR
PERPENDICULAR MAGNETIC RECORDING

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application No. 60/279,583 filed Mar. 29, 2001.

FIELD OF THE INVENTION

The mvention relates to recording heads for use with
magnetic storage media, and more particularly, relates to
such recording heads with oppositely directed conductors
for inducing a magnetic write field for longitudinal or
perpendicular magnetic recording.

BACKGROUND OF THE INVENTION

Longitudinal and perpendicular recording heads for use
with a magnetic storage medium are generally known.
Longitudinal recording heads utilize a pair of opposing write
poles with their tips 1n close proximity to each other at the
bottom surface of the recording head. The two poles are
connected at the top by a yoke, which may be made of a
ferromagnetic material similar to that used for the poles. A
coll having a plurality of turns 1s located 1n close proximity
to one of the two opposing poles. When a current 1s passed
through the coil, magnetic flux 1s induced 1n the yoke, which
produces a magnetic field across a write gap, which sepa-
rates the two poles. A portion of the magnetic flux across the
write gap passes through the magnetic storage medium,
thereby causing a change 1n the magnetic state within the
magnetic storage medium where the head field 1s higher than
the medium coercive force. The medium coercive force 1s
chosen high enough so that only the head fields across a
narrow gap ol a thin film inductive head, flowing with a
slider on an air-bearing between the surfaces of the disc and
the shider, modify the bits of information on the storage
medium.

The bits of information are recorded on the disc along
concentric tracks that are separated by guard bands. The
width of the track plus that of the guard band 1n which no
information 1s stored defines the track density. The length of
the bit along the track defines the linear density. The total
storage capacity 1s directly proportional to the product of
frack density and linear density. The recording densities
possible with longitudinal recording are believed to be
limited to approximately 50 to 100 Gbit/inch?, because at
higher recording densities, superparamagnetic effects result
in magnetic 1nstabilities within the magnetic storage
medium.

Perpendicular recording has been proposed to overcome
the recording density limitations of longitudinal recording.
Perpendicular recording heads for use with magnetic storage
media may include a pair of magnetically coupled poles,
including a main write pole having a small bottom surface
arca and a flux return pole having a large bottom surface
arca. A coil having a plurality of turns 1s located adjacent to
the main write pole for inducing a magnetic ficld between
that pole and a soft underlayer. The soft underlayer 1s located
below the hard recording layer of the magnetic storage
medium and enhances the amplitude of the field produced by
the main pole. This in turn allows the use of storage medium
with higher coercive force; consequently, more stable bits
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can be stored 1n the medium. In the recording process, an
clectrical current 1n the coil energizes the main pole, which
produces a magnetic field. The 1image of this field 1s pro-
duced 1n the soft underlayer to enhance the field strength
produced 1 the magnetic medium. The flux density that
diverges from the tip 1nto the soft underlayer returns to the
main pole through the return flux pole. The return pole 1is
located sufficiently far apart from the main pole such that the
soft material of the return pole does not affect the magnetic
flux of the main pole, which 1s directed vertically mto the
hard layer and soft underlayer.

Regardless of whether longitudinal or perpendicular
recording 1s employed, the goal of higher recording densities
requires higher data rate capabilities. However, recording
heads, and specifically, the mnductive write head portions
thereof, are comprised of magnetic inductors. Such induc-
tors behave as an electrical short for low frequency or DC
signals, while they behave as an electrical open for high
frequency signals. As a result, inductors become more and
more difficult to pass current through as the drive frequency
increases. Inductors are classified according to their induc-
tance L, which scales the time change of current into
induced electromotive force (EMF). This induced EMF is
set up to oppose the flow of magnetic flux through the coil
and 1ts magnetic core, and hence reduces the efficiency of
flux flow, according to the following formula:

y _7 dl
emr = Lo

where V.., 1s the opposing voltage, L 1s the inductance, I
1s the driving current, and dt i1s the change 1n time. A write
head must balance the need for magnetizing field, which
traditionally requires large magnetic flux, against the need
for efficiency, which 1s reduced because inductors resist
being magnetized according to the above formula (they slow
down the circuit response). Increasing the flux to get a larger
field has the detrimental side-effect of also increasing L. For
a given L, the faster one tries to turn on the current, the larger
the induced EMF which acts to cancel the induced field, and
hence the less efficient the head 1s. Therefore, to have a head
function at high data rates, where dt 1s very small, L must
also be made correspondingly small to balance dt. However,
the head must still produce enough field to write. It 1is
well-known that the majority of the head field comes from
the soft magnetic core rather than the field of the electrical
colls. However, the self-inductance of a conventional coil
scales with the square of the number of turns: 1.€. a 6 turn
head has 36 times more inductance than a 1 turn head,
assuming the core mductance 1s constant. If the single turn
head can drive enough flux through the magnetic core to
magnetize it and produce suflicient write field, then a single
turn head can decrease dt by 36 times compared with the 6
turn head. This analysis assumes that both heads are 1 a
frequency regime where the L of the 6 turn head 1s large
enough to limit the frequency response of the head.
Obviously, 1f the desired dt 1s obtainable with small enough
EMF that the head 1s sufficiently efficient, then there is
nothing to be gained by reducing the inductance of the head.

There 1s 1denfified, therefore, a need for an 1mproved
recording head for higher recording densities and increased
data rates that overcomes limitations, disadvantages, or
shortcomings of known recording heads.

SUMMARY OF THE INVENTION

The invention meets the 1dentified need, as well as other
needs, as will be more fully understood following a review
of this specification and drawings.
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In accordance with an aspect of the invention, a recording,
head for use with a magnetic storage medium comprises a
pair of write poles and a pair of oppositely directed con-
ductors located adjacent the pair of write poles. The pair of
write poles are structured and arranged to apply a magnetic
write field to the magnetic storage medium. The pair of
oppositely directed conductors combine to induce the mag-
netic write field in the pair of write poles. One of the
oppositely directed conductors has a positive voltage rela-
five to ground and the other of the oppositely directed
conductors has a negative voltage relative to ground. The
oppositely directed conductors may be microstrip
waveguides. In addition, the pair of write poles may be
structured and arranged for either longitudinal or perpen-
dicular recording. Advantageously, the pair of oppositely
directed conductors combines to drive the magnetic write
field 1n the same direction.

In accordance with an additional aspect of the invention,
a magnetic disc drive storage system comprises a housing,
a rotatable magnetic storage medium positioned in the
housing, and a recording head mounted in the housing
adjacent to the rotatable magnetic storage medium. The
recording head comprises a pair of write poles with a
connecting yoke therebetween, wherein the pair of write
poles are structured and arranged to apply a magnetic write
field to the magnetic storage medium. The recording head
also 1ncludes a pair of oppositely directed conductors
located adjacent the pair of write poles so as to combine to
induce the magnetic write field m the pair of write poles.
One of the oppositely directed conductors has a positive
voltage relative to ground and the other of the oppositely
directed conductors has a negative voltage relative to
oround. Each of the oppositely directed conductors may be
a microstrip waveguide. In addition, the pair of write poles
may be structured and arranged for performing either lon-
oitudinal or perpendicular recording.

In accordance with a further aspect of the invention, a
method of using a recording head to apply a magnetic write
field to a magnetic storage medium 1s provided. The method
includes positioning a pair of write poles, that are structured
and arranged to apply the magnetic write field to the storage
medium, adjacent the magnetic storage medium. The
method further includes inducing the magnetic write field in
the pair of write poles with a pair of oppositely directed
conductors located adjacent the pair of write poles. The
oppositely directed conductors combine to induce the mag-
netic write field in the pair of write poles due to one of the
oppositely directed conductors having a positive voltage
relative to ground and the other of the oppositely directed
conductors having a negative voltage relative to ground. The
method may further include employing as each of the
oppositely directed conductors a microstrip waveguide.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a pictorial representation of a disc drive that can
use a recording head with oppositely directed conductors
constructed 1 accordance with this imnvention.

FIG. 2 1s a partial schematic view of a recording head
constructed 1n accordance with this invention.

FIG. 3 1s a partial wafer cross-section view of the record-
ing head 1llustrated in FIG. 2.

FIG. 4 1s a partial wafer cross-section view of an addi-
fional embodiment of the invention.

FIG. 5 1s a partial schematic view of an additional
recording head embodiment of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 1s a pictorial representation of a disc drive 10
which may employ a recording head constructed in accor-
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dance with this invention. The disc drive 10 includes a
housing 12 (with the upper portion removed and the lower
portion visible 1n this view) sized and configured to contain
the various components of the disc drive. The disc drive 10
includes a spindle motor 14 for rotating at least one magnetic
storage medium 16, which may be constructed for either
longitudinal or perpendicular magnetic recording, within the
housing. At least one arm 18 1s contained within the housing
12, with each arm 18 having a first end 20 with a recording
head or slider 22, and a second end 24 pivotally mounted on
a shaft by a bearing 26. An actuator motor 28 1s located at
the arm’s second end 24 for pivoting the arm 18 to position
the recording head 22 over a desired sector or track of the
disc 16. The actuator motor 28 1s regulated by a controller,
which 1s not shown 1n this view and 1s well known 1n the art.

Referring to FIGS. 2 and 3, there 1s 1llustrated an embodi-
ment of a recording head 22 constructed in accordance with
this invention. The recording head 22 1s shown 1n schematic
format with certain well known components thereof, such as
for example layers of insulative materials, not shown for
simplicity. The recording head 22 may be used with mag-
netic storage media, and include a pair of write poles
structured and arranged to apply a magnetic write field to the
magnetic storage medium 16. The recording head 22, while
illustrated as a longitudinal recording device (see specifi-
cally FIG. 3), may be used for either longitudinal or per-
pendicular recording, as will be explained herein. As used
herein, longitudinal recording generally refers to orienting
the magnetic domains within the magnetic storage medium
16 substantially parallel to the tracks. Perpendicular
recording, as used herein, generally refers to orienting the
magnetic domains within the magnetic storage medium 16
substantially perpendicular to the storage medium. In
addition, recording head, such as recording head 22, as used
herein 1s defined as a head and/or slider capable of perform-
ing read and/or write operations.

Still referring to FIGS. 2 and 3, the recording head 22
includes a write portion, generally designated by reference
number 24. The write portion 24 of the recording head 22
specifically includes a pair of write poles 26 and 28 with a
connecting yoke 30 therebetween. The pair of write poles 26
and 28 and the connecting yoke 30 are structured and
arranged to apply a magnetic write field to the magnetic
storage medium 16, as 1s generally known. As described,
FIGS. 2 and 3 are shown 1n schematic format and, although
not shown, typically there 1s provided a gap between the
write poles 26 and 28 and the medium 16.

The recording head 22 also includes a pair of oppositely
directed conductors, such as microstrip waveguides 32 and
34. It will be appreciated that conductors other than a
microstrip waveguide, such as a conventional coill wire may
be used 1n accordance with the invention. The conductors,
whether formed as microstrip waveguides 32 and 34 or as a
conventional coil wire or other similar type conductor, may
be constructed of a material such as, for example, Cu, Au, or
like material or combination of materials. For purposes of
illustration, the invention will be described herein with
reference to the conductors being the microstrip waveguides
32 and 34. An advantage of using microstrip waveguides 32
and 34 1s the1r extendibility to accommodate a large range of
frequencies, and particularly higher frequencies for
increased data rate capabilities of the recording head 22.

The microstrip waveguides 32 and 34 are located adjacent
the pair of write poles 26 and 28 for inducing a magnetic
write field 1n the pair of write poles 26 and 28 for writing to
the magnetic storage medium 16. As used herein, “oppo-
sitely directed” generally refers to the microstrip
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waveguides 32 and 34 being situated 1in generally opposing
directions relative to each other and adjacent the pair of
write poles 26 and 28 for inducing the magnetic write field
in the write poles 26 and 28. For the oppositely directed
waveguides, the microstrips 32 and 34 have their shorts to
ground on opposite sides of the yoke 30. For the opposite
polarities of voltage on the microstrips 32 and 34, the
current-induced magnetic field produced by the two con-
ductors will be 1n the same vector direction in the yoke 30.
Therefore, when one microstrip 1s placed at positive voltage
relative to a ground plane 46, and the other microstrip is
placed at negative voltage relative to the ground plane 46,
the two microstrips 32 and 34 work together to magnetize
the pair of write poles 26 and 28. For writing with the
opposite direction of field, the voltage polarity 1s reversed
between the two microstrips 32 and 34 and they again work
together, but to produce the opposite direction of write field.

As best shown 1n FIG. 3, the microstrip waveguides 32
and 34 extend through an opening 36 formed between the
pair of write poles 26 and 28 and are located adjacent the
write poles 26 and 28 and the yoke 30.

The microstrip waveguide 32 1s electrically connected to
a contact pad 38, which m turn 1s electrically connected to
a positive voltage source, designated as +V. The microstrip
waveguide 34 1s electrically connected to a contact pad 40
which 1n turn 1s electrically connected to a negative voltage
source, designated as -V. The recording head 22 also
includes a contact pad 42 that 1s connected to ground. The
microstrip waveguide 32 extends from the contact 38
through the opening 36 between the pair of write poles 26
and 28 and the yoke 30. After passing through the opening
36, the microstrip waveguide 32 1s connected by a via 44 to
the ground plane 46 of the recording head 22. Similarly, the
microstrip waveguide 34 extends from the contact 40
through the opening 36 between the write poles 26 and 28
and the yoke 30 1n a direction generally opposite, 1i.c.
“oppositely directed”, to the microstrip waveguide 32. Once
passing through the opening 36, the microstrip waveguide
34 1s connected by an additional via 48 to the ground plane
46.

Thus, 1t will be appreciated that the recording head 22,
includes two unbalanced microstrip waveguides 32 and 34,
with the microstrip waveguide 32 having a positive voltage
relative to ground and the microstrip waveguide 34 having
a negative voltage relative to ground. By passing the micros-
trip waveguides 32 and 34 through the opening 36 between
the write poles 26 and 28 1n the described oppositely
directed manner, the magnetic fields produced by the
microstrip waveguides 32 and 34 combine to drive the
magnetization or magnetic write field induced 1n the write
poles 26 and 28 1n the same direction, as indicated by arrows

50. Advantageously, having the two microstrip waveguides
32 and 34 1n the described arrangement doubles the avail-
able magnetomotive force to drive the magnetics of the write
poles 26 and 28 while minimizing the inductance 1n each
individual conductor to support higher data rate capabilities.
By providing for the oppositely directed microstrip
waveguides 32 and 34 to have a positive voltage relative to
oround and a negative voltage relative to ground,
respectively, a full voltage swing may be applied to the write
poles 26 and 28 without having magnetic field cancellation.

It will be appreciated that the polarities of the voltage for
the microstrip waveguides 32 and 34 may be reversed while
still maintaining the same net effect of driving the magnetics
of the write poles 26 and 28 1n a uniform albeit opposite
direction.

The ground plane 46 may be constructed of a material
such as, for example, Cu, Au or like material or combination
of materials.
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As shown m FIG. 3, the pair of write poles 26 and 28
include respective pole tips 52 and 54 which define a write
cgap therebetween. In order to enhance the driving of the
combined magnetic field generated by the microstrip
waveguides 32 and 34 while maintaining a decreased level
of 1inductance, the microstrip waveguide 32 may be located
proximate to the tips 52 and 54 of the write poles 26 and 28
while the microstrip waveguide 34 may be located proxi-
mate to the connecting yoke 30. Specifically, the microstrip
waveguide 32 being adjacent to tips 52 and 54 help drive the
magnetization in the tips 52 and 54 while the microstrip
waveguide 34 helps drive the magnetization through the
connecting yoke 30 and between the pair of write poles 26

and 28.

By using two separate-circuit, single-turn coils, in
principle, each circuit has the inductance of a single-turn
head, while the yoke 1s now driven by two turns instead of
one. This “single-turn” behavior assumes that the two coils
are separated enough so that they are inductively decoupled.
However, the microstrips are close together, causing some
mutual inductance, and they are connected by the highly
permeable magnetic core, which increases this inductive
coupling between the microstrips. Assuming that this mutual
inductance between the two circuits can be made smaller
than the self-inductance of a two-turn coil, adding a second
circuit with a single turn will result 1n an overall decrease 1n
inductance compared with the single circuit, two-turn
design. Therefore, the proposed invention offers the
improved data rate capability of a low-inductance system,
while providing the same magnetomotive force as a two turn
standard inductive write head, which could be significant for
high data rate magnetic recording on high anisotropy media.

The recording head 22 may be constructed using conven-
tional or known thin film processing techniques.

FIG. 4 1llustrates a perpendicular recording head 224, that
1s otherwise similar to the longitudinal recording head 22
illustrated 1n FIG. 3, constructed in accordance with this
ivention. Specifically, the recording head 224 includes a
pair of write poles 26a and 28a with a connecting yoke 30a
therebetween. The pair of write poles 26a and 28a are
structured and arranged to apply a magnetic write field to the
magnetic storage medium 16a. The recording head 22a also
includes a pair of microstrip waveguides 32a and 34a
located adjacent the pair of write poles 26a and 28a which
combine to mnduce the magnetic write field 1 the pair of
write poles 26a and 28a. Specifically, the microstrip
waveguide 32a passes between the pair of write poles 26a
and 28a and 1s connected by a via 444 to the ground plane
46a. The microstrip waveguide 34a also passes between the
pair of write poles 26a and 284 and 1s connected by another
via 48a to the ground plane 46a. The microstrip waveguides
32a and 34a are oppositely directed to one another and have
opposite polarities, €.g., the microstrip waveguide 32a may
have a positive voltage relative to ground and the microstrip
wavegulde 34a may have a negative voltage relatively to
oground.

In accordance with an additional aspect of the 1nvention,
FIG. 2 1illustrates the recording head 22 with a five flex on
suspension 61 (FOS) wire arrangement and FIG. 5 illustrates
a recording head 122 with a four FOS 161 wire arrangement.
Specifically 1n FIG. 2, the recording head 22 may include a
reader portion having a reader input 35 and an input contact
56 connected to a microstrip 38 and a reader return §9 and
a return contact 60 connected to a microstrip 62 for per-
forming a read operation, as i1s generally known. For the
recording head 22 having the contacts 38, 40 and 42 for the
write portion of the recording head and the contacts 56 and
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60 for the read portion of the read head, the five FOS 61 wire
arrangement 1s needed. The five FOS 61 wire connection
facilitates the contacts 38 and 40 having opposite voltage
sources and the ground plane connected to the contact 42 in
order to short the microstrip waveguides 32 and 34 that are
respectively connected to the contacts 38 and 40. However,
FIG. 5 1llustrates an additional embodiment of the mnvention
where recording head 122 includes contacts 138, 140 and
142 for the write portion of the recording head 122 and 1nput
contact 156 (connected to reader input 155) and return
contact 160 for the read portion of the recording head 122.
In this arrangement, the return contact 160 may be con-
nected to the ground plane as its return line, which therefore,
requires only a four FOS 161 wire arrangement.

In operation of the recording head 22 in accordance with
the 1nvention, the pair of write poles 26 and 28 of the
recording head 22 are positioned adjacent to the magnetic
storage medium 16 for carrying out a write operation. As
described, the write poles 26 and 28 may be configured for
longitudinal recording (FIG. 3) or the pair of write poles 26a
and 28a may be configured for perpendicular recording
(FIG. 4) 1n accordance with the invention. Whether perpen-
dicular or longitudinal recording 1s being performed, the pair
of oppositely directed conductors, specifically microstrip
waveguides 32 and 34, are located adjacent the pair of write
poles for inducing the magnetic write field therein. The pair
of microstrip waveguides 32 and 34 advantageously com-
bine to induce the magnetic write field 1n the pair of write
poles 26 and 28 while minimizing the overall mnductance to
allow greater response time and higher frequency to support
higher data rate capabilities of the recording head 22. This
1s achieved by one of the microstrip waveguides, such as
microstrip waveguide 32, having a positive voltage relative
to ground and the other microstrip waveguide, such as
microstrip waveguide 34, having a negative voltage relative
to ground. By positioning the microstrip waveguides 32 and

34 in an oppositely directed manner and having opposite
voltages relative to ground, the microstrip waveguides 32

and 34 combine to drive the magnetic write field 1in the same
direction. By reversing the polarities of the microstrip
waveguides 32 and 34, as desired, a write operation may be
performed on the magnetic storage medium 16.

Whereas particular embodiments of the invention have
been described herein for the purpose of illustrating the
invention and not for purpose of limiting the same, 1t will be
appreciated by those of ordinary skill in the art that numer-
ous variations of the details, materials, and arrangements of
parts may be made within the principle and scope of the
invention without departing from the invention as described
herein and 1n the appended claims.

What 1s claimed 1s:

1. A recording head for use with a magnetic storage
medium, comprising:

a pair of write poles with a connecting yoke therebetween,

said pair of write poles structured and arranged to apply
a magnetic write field to the magnetic storage medium;
and

a pair ol oppositely directed microstrip waveguide con-
ductors located adjacent said pair of write poles which
combine to induce said magnetic write field 1n said pair
of write poles, one of said oppositely directed micros-
trip waveguide conductors having a positive voltage
relative to ground and the other of said oppositely
directed microstrip waveguide conductors having a
negative voltage relative to ground.

2. The recording head of claim 1, wheremn each of said

oppositely directed microstrip waveguide conductors 1s con-
structed of a material selected from the group consisting of

Cu and Au.
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3. The recording head of claim 1, wherein said pair of
write poles are structured and arranged for longitudinal
recording.

4. The recording head of claim 1, wheremn said pair of
write poles are structured and arranged for perpendicular
recording.

5. The recording head of claim 1, wherein said pair of
oppositely directed microstrip waveguide conductors 1is
located between said pair of write poles.

6. The recording head of claim 1, wherein said pair of
oppositely directed microstrip waveguide conductors extend
through an opening formed between said pair of write poles.

7. The recording head of claim 1, wheremn each of said
oppositely directed microstrip waveguide conductors are
connected to a ground plane by a pair of respective vias.

8. The recording head of claim 1, wherein said pair of
oppositely directed microstrip waveguide conductors com-
bine to drive said magnetic write field 1n the same direction.

9. The recording head of claim 1, wherein each of said
write poles have a tip with a write gap defined between said
tips, one of said oppositely directed microstrip waveguide
conductors located proximate to said tips and the other of
said oppositely directed microstrip waveguide conductors
located proximate to said connecting yoke.

10. A magnetic disc drive storage system, comprising;:

a housing;

a rotatable magnetic storage medium positioned in said
housing; and

a recording head mounted 1n said housing adjacent to said
rotatable magnetic storage medium, said recording
head comprising:

a pair of write poles with a connecting yoke
therebetween, said pair of write poles structured and
arranged to apply a magnetic write field to the
magnetic storage medium; and

a pair of oppositely directed microstrip waveguide
conductors located adjacent said pair of write poles
which combine to induce said magnetic write field in
said pair of write poles, one of said oppositely
directed microstrip waveguide conductors having a
positive voltage relative to ground and the other of
said oppositely directed microstrip waveguide con-
ductors having a negative voltage relative to ground.

11. The recording head of claim 10, wherein said pair of
write poles are structured and arranged for longitudinal
recording.

12. The recording head of claim 10, wherein said pair of
write poles are structured and arranged for perpendicular
recording.

13. The recording head of claim 10, wherein each of said
oppositely directed microstrip waveguide conductors are
connected to a ground plane by a pair of respective vias.

14. The recording head of claim 10, wherein said pair of
oppositely directed microstrip waveguide conductors com-
bine to drive said magnetic write field 1n the same direction.

15. The recording head of claim 10, wherein each of said
write poles have a tip with a write gap defined between said
tips, one of said oppositely directed microstrip waveguide
conductors located proximate to said tips and the other of
said oppositely directed microstrip waveguide conductors
located proximate to said connecting yoke.

16. A method of using a recording head to apply a
magnetic write field to a magnetic storage medium, com-
prising:
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positioning a pair of write poles, that are structured and sitely directed microstrip waveguide conductors having,
arranged to apply the magnetic write field to the a negative voltage relative to ground, wherein the
magnetic storage medium, adjacent to the magnetic oppositely directed microstrip waveguide conductors
storage medium; and combine to drive the magnetic write field 1in the same
inducing the magnetic write field in the pair of write poles > direction.

with a pair of oppositely directed microstrip waveguide
conductors located adjacent the pair of write poles

which combine to induce the magnetic write field 1n the | | ‘
pair or write poles, one of the oppositely directed ductors to a ground plane by a pair of respective vias.

microstrip waveguide conductors having a positive 10
voltage relative to ground and the other of the oppo- £ %k k ok

17. The method of claim 16, further including connecting
cach of the oppositely directed microstrip waveguide con-
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